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(57)Abstract 

PROBLEM TO BE SOLVED: To improve reliability of resin sealing in the 
manufacture of a chip- sized package(CSP) atwafer level. 
SOLUTION: This manufacturing method of this semiconductor device 
comprises a process for forming wirings for electrically connecting each . 
electrode pad with external connection terminals and conductive support 
pillars 16 on a wafer 10 formed with semiconductor electrodes. Jn a process 
following this process, a groove 18 (preferably a V-shaped) is formed in the 
surface of the wafer 1 along the boundary line between the semiconductor 
elements. Then the end surfaces of the support pillars 1 6 are made to 
expose to cover the upper part of the above wafer with a resin 1 9, and the 
external connection terminals 20 are arranged on the end surfaces of the 
pillars 16. In the last process, semiconductor devices 32 constituted into one 
packaging structure are obtained"; by dicing the wafer along the boundary line 
between the semiconductor elements. 
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- JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1, This document has been translated by computer. So the translation may not reflect the original 
w precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

CLAIMS 

[Claim(s)] 

[Claim 1] The process which prepares the thing which is the wafer in which two or more semiconductor 
devices were formed, and by which" the electrode pad of each of this semiconductor device was exposed 
to the front face, The process which forms wiring for connecting electrically each above-mentioned 
electrode pad and an external connection terminal on the above-mentioned wafer, The process which 
forms a conductive stanchion in each location on the above-mentioned wiring which arranges the 
above-mentioned external connection terminal, It is the process which. forms, a slot in the front face of 
the above-mentioned wafer in accordance with the boundary line of the above-mentioned 
semiconductor device. What has the aperture width [ at least ] of this slot larger than dicing width of 
face, The, manufacture approach of the semiconductor devicie which was made to expose the. end face 
of the above-mentioned conductive stanchion; and was equipped with the process which arranges the 
above-mentioned external /connection terminal, and the process which carries out the dicing of the 
above-mentiohed wafer in accordance with the boundary line of the above-mentioned semiconductor 
device on the end face of the conductive stanchion by which exposure was carried out [ above- 
mentioned ] with -the* wrap process by resin in the above-mentioned wafer top. 
[Claim 2] The manufacture approach of a semiconductor device according to claim 1 that the 
predetermined include-angle inclination of the side attachment wall with which the above-mentioned 
slot counters is carried out to the line which intersects perpendicularly with the front face of the 
above-mentioned wafer. . . 

[Claim 3] The manufacture approach of a semiconductor device according to claim 2 that the above- 
mentioned slot is the^hing of the letter of the cross-section abbreviation for V characters. 
[Claim 4] The manufacture approach of the semiconductor device according to claim 2 or 3 which has 
the aperture include angle of the side attachment wall with which the above-mentioned slot-counters 
within the limits of 20 - 45 degrees. 

[Claim 5] The manufacture approach of the semiconductor device according to claim 2 or 3 which has 
the above-mentioned depth of flute within the limits of 100-300 micrometers. 

[Claim 6] the above-mentioned wafer front face — resin — a wrap process — the above-mentioned 
wafer front face — resin — abbreviation — the manufacture approach of the semiconductor device/, 
according to claim 1, 2, 3, 4, or 5 further equipped with the process which supplies flat and smooth and 
is stiffened, and the process at which grinding of the front face of the above-mentioned resin which 
carried out hardening is carried out, and the end face of the above-mentioned conductive stanchion is 
exposed. 

[Claim 7] The manufacture approach of the semiconductor device according to claim 1, 2, 3, 4; 5, or 6 
further equipped with the process which forms the layer of elastic resin on the front face of the above- 
mentioned wafer before the process which forms the above-mentioned wiring. 

[Claim 8] The manufacture approach of the semiconductor device according to claim 7 further equipped 
with the process which removes the field of the layer of the above-mentioned elastic resin which meets 
after the process which forms the layer of the above-mentioned elastic resin at the boundary line of the 
above-mentioned semiconductor device. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the manufacture approach of a 
semiconductor device of realizing package-ization of a semiconductor chip in the state of a wafer, about 
the manufacturing installation of a semiconductor device. 
[0002] 

[Description of the Prior Art] In the manufacture industry of a semiconductor device, the efforts for for 
making still smaller one semiconductor device package-ized are continued. Efforts of the beginning for 
realizing the miniaturization of a semiconductor device are making size of the semiconductor chip itself 
small. Since migration length of the electron between each component can be shortened while the 
number of chips acquirable from one wafer by making a semiconductor chip small increases and the 
manufacturing cost is reduced, the working speed improves. It became possible to make smaller the chip 
size.of the semiconductor device which has the same function by development of ultraHlne processing 
technology. The latest current design rule is 0.25 micrometers or less, and according to this, it can make 
20 million or more transistors on one semiconductor chip. 

[0003] The next efforts for for realizing the miniaturization of a semiconductor device are making 
possible the nearest size of the package which closes this to the size of the semiconductor chip to build 
in. As one result to these efforts, the semiconductor device of the type called a chip-size package (Chip 
Size PackagerCSP) or a chip scale package (Chip Scale Package) was produced. The chip-size package 
has succeeded in arranging the connection terminal (following and. external connection terminal) to the 
substrate (henceforth an external substrate) which mounts a semiconductor device tvyo-dimensional . on 
the field of a semiconductor chip, and bringing the size of a package close to the size of. a chip. While 
the component-side product became small by making the above-mentioned package size small so that 
the size of a semiconductor chip may be approached, the wire length which ties the electrode and 
external connection terminal on a chip became short, and the t working speed of a semiconductor device 
improved like the case where the above-mentioned semiconductor chip itself is made small by this. 
[0004] On the other hand, even if it made package size small, there was a problem that a manufacturing 
cost could seldom be lowered. Since the process of a package is performed for every semiconductor 
chip of each which was started from the wafer, even if this makes package size small, the process man 
day is fixed and it is because there is no change in the productivity. 

[0005] With the wafer condition, from such a background, the technique (henceforth the wafer level — 
CSP) which package-izes a semiconductor chip is proposed, and. development which turns to utilization 
by each company is furthered from it. The wafer level CSP is the phase before cutting down each 
semiconductor chip from a wafer, and is a semi-conductor manufacturing technology which performs the 
package-ization. In the wafer level CSP, since a package process is made to a wafer process and one, 
there is an advantage which can lower sharply package cost, as a result the manufacturing cost of a 
chip, the still more detailed contents of the wafer level CSP — ''Nikkei Business Publications — please 
refer to company ** Nikkei micro device August, 1998 issue 44-71 -page." 
[0006] 

[Problem(s) to be Solved by the Invention] There is a thing of wrap structure by resin about a wafer 
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• front face like the conventional chip-size package as one gestalt of the wafer level CSP. However, in 
such a semiconductor device, since resin has not covered the perimeter of a semiconductor chip, 
closure dependability falls as compared with the conventional package. That is, it originates in the 
coefficient-o-Hinear^expansion difference of a wafer and resin etc., and there is a possibility that resin 
may exfoliate from an interface with a wafer. Moreover, also in such a semiconductor device, the 
flattening technique of the good component side of the yield in which high display flatness was required 
of the component-side side of a semiconductor chip, and it was suitable for the semiconductor device 
of the above-mentioned gestalt is required. 

[0007] Therefore, the purpose of this invention is in the semiconductor device called the wafer level 

CSP to offer the manufacture approach which raises the dependability of a resin seal. 

[0008] Moreover, in the above-mentioned semiconductor device, another purpose of this invention is 

highly precise, and is to offer the manufacture approach including the flattening technique of the good 

component side of the yield. 

[0009] 

[Means for Solving the Problem] The manufacture approach of the semiconductor device concerning 
this invention is equipped with each following process. Namely, the process which prepares the thing 
which is the wafer in which two or more semiconductor devices were formed, and by which the 
electrode pad of each of this semiconductor device was exposed to the front face, The process which 
forms wiring for connecting electrically each above-mentioned electrode pad and an external connection 
terminal on the above-mentioned wafer, The process which forms a conductive stanchion in each 
location on the above-mentioned wiring which arranges the above-mentioned external connection 
terminal. It is the process which forms a slot (preferably V characterHike thing) in the front face of the 
above-mentioned wafer in accordance with the boundary line of the above-mentioned semiconductor 
device. What has the aperture width [ at least ] of this slot larger than dicing width of face, The end face 
of the above-mentioned conductive stanchion is exposed, and it has the process which arranges the 
above-mentioned external connection terminal, and the process which carries out the dicing of the 
above-mentioned wafer in accordance with the boundary line of the above-mentioned semiconductor 
device on the end face of the conductive stanchion by which exposure was carried out [ above- 
mentioned ] with the wrap process by resin in the above-mentioned wafer top. 

[0010] Mizouchi on the wafer in which resin formed the above-mentioned wafer top previously in the 
wrap process by resin is also filled up. The resin with which Mizouchi was filled up. since the djc 
wafer was carried out in the location of the above-mentioned slot is a wrap in a part of side face of 
each cut-down semiconductor chip. Consequently, the dependability of the closure of a semiconductor 
device improves. 

[001 1] here — the above-mentioned wafer front face — resin — a wrap process — the above- 
mentioned wafer front face — resin — abbreviation — it is desirable to have further the process which 
supplies flat and smooth and is stiffened, and the process at which grinding of the front face of the 
above-mentioned resin which carried out hardening is carried out, and the end face of the above- 
mentioned conductive stanchion is exposed. 

[0012] Flattening on the front face of resin containing the end face of a conductive stanchion is easily 

attained by, the grinding of the above-mentioned resin. - 

[0013] Moreover, it is desirable to have further the process which forms the layer of elastic resin on the 
front face of the above-mentioned wafer, and the process which removes the field of the layer of the 
above-mentioned elastic resin which meets at the boundary line of the above-mentioned semiconductor 
device before the process which forms the above-mentioned wiring. 
[0014] 

[Embodiment of the Invention] Hereafter, the operation gestalt of this invention is explained along with a 
drawing. In the manufacture approach of the semiconductor device concerning this operation gestalt, it 
is in the condition of the wafer in which the semiconductor device was formed, and a package process is 
carried out, it is the phase which carried out the dicing of the wafer to the last, and the package-ized 
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. semiconductor device is obtained. The manufacture approach concerning this operation gestalt gives 
required wiring to the front face . of the wafer in which the semiconductor device was formed, forms a 
conductive stanchion in it, forms a slot in accordance with the boundary line of a semiconductor device, 

- closes a wafer front face by resin, transfers the solder ball which is an external connection terminal, and 
includes the process which carries out the dicing of the wafer and obtains each package. Along with 
drawing 1 - drawing 3 , sequential explanation of these concrete processes is given. In addition, if it is 
this contractor, it will be understood that these drawings deform and are shown for explanation. 
Moreover, although only some cross sections (thing corresponding to two semiconductor devices) of a 
wafer are shown, according to each process shown by a diagram, he will understand that processing 
which continues throughout a wafer and is explained below is carried out by a diagram. 
[0015] In advance of each illustrated process, the usual wafer process is carried out and the 
semiconductor device arranged in the shape of a matrix is formed on the front face of a silicon wafer. 
Here, one circuit pattern on the wafer formed corresponding to one semiconductor device is called a 
semiconductor device. Two or more electrode, pads pulled out from each semiconductor device are 
exposed to a wafer front face, and each electrode pad and an external connection terminal are 
electrically connected to it at a next process. 

[0016] The layer 1 1 of photosensitive polyimide resin is formed in the front face of the wafer 10 which 
formed the semiconductor device at the process of the above-mentioned wafer process in the first 
process (A) concerning this operation gestalt. This layer 11 continues throughout a wafer 10, and is 
once a wrap about electrode pad 10a. The impact which the layer 1 1 of photosensitive polyimide resin 
covers the front face of a comparatively weak silicon wafer, and is given from the outside of the 
completed package eases spreading on a wafer front face. Next, at a process (B), the mask of the field 
in alignment with the boundary line of the field corresponding to electrode pad 10a and a semiconductor 
device is carried out using a photo mask, photosensitive polyimide resin is exposed and etching removal 
of the polyimide resin on the above-mentioned field is carried out. 

[0017] Next, in order to form metal wiring on a wafer, process (C) - (F) is carried out. In a process (C), 
after making a titanium tungsten (TiW) deposit on a wafer front face using an ion spattering method, the 
barrier metal 12 is formed on it with chromium (Cr), nickel (nickel), etc. At a process (D), the resist 13 
for forming wiring on it is formed with a phot lithography techniques. At a process (E), copper (Cu) is 
galvanized on the barrier metal exposed by the resist 13, and wiring 14 is formed. In a process (F), again, 
after making a titanium tungsten (TiW) deposit on a wafer front face with an ion spattering method, gold 
(Au) and the noble metals 15 with which palladium (Pd) and others cannot oxidize easily are vapor- 
deposited on the above-mentioned wiring 14. 

[0018] Next, in order to form the copper bump as a conductive stanchion, process (G) - (I) shown in 
drawing 2 is carried out That is, in a process (G). resist 13' for forming a copper bump is formed in piles 
on the previous resist 13 with a phot lithography techniques. In a process (H), the copper bump 16 is 
formed between wiring formed by resist 13' 14 absentminded. In the one example, the copper bump 16 
can form by carrying out the laminating of the copper (Cu) plating. Next, in a process (I), the resist 13 
and 13' which were given at a previous process (D) and a previous process (G) are removed. According 
to the above process, the copper bump 16 is obtained on wiring 14. 

[0019] Next, in order to remove metal layers other than the field which gave wiring 14, process (J) - (L) 
is carried out In a process (J), after forming a resist 17 on the field which gave wiring 14, in a process 
(K), the metal layer of the front face on the wafer except the field of wiring 14 is removed by etching. A 
resist 17 is removed in the continuing process (L). 

[0020] Next, in the process (M) shown in drawing 3 , the V character-like slot 18 is formed in 
accordance with the boundary line of each semiconductor device. The dicing saw 30 which has the edge 
of a blade doubled in the shape of [ target ] a quirk is controlled, and the slot 18 of the predetermined 
depth is obtained. It is a device to surround a part of periphery of each semiconductor device which the 
package resin with which the above-mentioned slot 18 is supplied at the following process flows in here, 
and is cut down behind by the resin in a slot 18. In case the configurations (the shape of the shape of U 
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• character and a rectangle etc.) of the above-mentioned slot, the depth, the width of face of a slot, an 
aperture include angle, etc. are determined, it should take into consideration whether formation of the 
above-mentioned purpose and a slot is easy, and whether the influx of package resin is performed 

- certainly. This slot 18 was made into the thing of the shape of V character with an aperture include 
angles of 30 and a depth of 180 micrometers in the one example. Other conditions that the slot formed 
is common must have at least the width of face of the upper part of the above-mentioned slot wider 
than the width of tooth of the dicing saw used for the dicing of the wafer carried out at a next process. 
Otherwise, it is because it does not remain after the dicing of a wafer around the semiconductor device 
with which a slot, as a result Mizouchi's resin were cut down. 

[0021] At the following process (N), the resin 19 for a package is supplied on a wafer, and can extend to 
homogeneity throughout a wafer front face. The height of the front face of the resin 19 which was able 
to be opened to homogeneity is above the copper bump's 16 height, and the wiring 14 on a wafer and 
the copper bump 16 are completely buried in resin 19. In order to supply package resin 19 on a wafer at 
homogeneity, the supply approach of the resin of a spin coat method, screen printing, and others is 
employable/Also when which approach is used, it is necessary to guarantee that resin flows in certainly 
in the above-mentioned slot 18. On the other hand, also when which approach is used, the display 
flatness of resin 19 front face does not necessarily need to be highly precise so that clearly [ in 
explanation of a next process ]. 

[0022] At the following process (O), grinding of the surface whole region of resin 19 is carried out using 
the grinding attachment of a grinder and others. It is necessary to perform grinding until all the copper 
bumps' 16 end face is exposed to the upper part at least. In order to be stabilized and to obtain a 
smooth front face, it is desirable to form the copper bump 16 in a thing sufficiently higher than the 
target height, to carry out grinding of the copper bump 16 with the grinding of the above-mentioned 
resin 19 at this process, and to makeit the target height In one example, the height of the copper bump 
16 after the grinding in this process was set to 100 micrometers. 

[0023] In the above-mentioned grinding, especially a surface result of copper bump 16 end face exposed 
is important. It is necessary to avoid that the mounting dependability of the solder ball mounted behind 
falls in the SAW mark of an end face, and weld flash. In order to obtain the good copper bump's 16 end 
face, the class of grinding attachment to be used and a service condition are determined. In the example, 
the good end face without a SAW mark and weld flash was obtained by using the grinder which used 
super-** for the blade surface on the following conditions. . 

" [0024] - ' •. — . - . - . - 
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[0025] Next, in a process (P), the solder ball 20 as an external connection terminal created at another 
process is transferred on each above-mentioned copper bump 16, and it fixes by the package reflow. In 
a process (Q), the dicing of the wafer 10 is carried out at the last using a dicing saw 31, and the 
semiconductor device 32 package-ized through the above-mentioned process is obtained. Since dicing 
is performed in the center of the slot 18 formed at the previous process, resin 19 has reached the 
perimeter by the side of the component side of each separated semiconductor device 32 exceeding the 
thickness of original resin. By this, the chip of a semiconductor device 32, i.e., the integrity of the 
substrate of silicon and the resin 19 by the side of a component side, increases. 
[0026] Some wafers in three processes chosen from the above-mentioned production process are 
expanded, and it is shown in drawing 4 - drawing 6 . Drawing 4 is drawing which expanded the important 
section in the process (I) of drawing 2 . Signs that polyimide resin 11, wiring 14, and the copper bump 16 
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were formed on the wafer 10, respectively are shown in this drawing. In addition, in this drawing, the 
metal layer in*which wiring 14 was. formed up.and down by the process (C) and (ff) is omitted. Drawing 5 
is drawing which expanded the important section in the process (O) of drawing 3 . Grinding of the 
supplied resin 19 is carried out, and signs that the front face of a package was formed are shown by this 
drawing. Drawing 6 is drawing which expanded the important section in the process (Q) of drawing 3 , i.e., 
the completed important section of a semiconductor device 32. By. a diagram, signs that the solder ball 
20 was fixed on the copper bump 16 are shown. Moreover, signs that a part of periphery section of the 
chip of a semiconductor device 32 is covered with resin 19 are. shown. At one example, each dimension 
of H1-H5 in drawing is 625 micrometers and 5 micrometers, respectively. 5 micrometers 100 
micrometers And it is 500 micrometers. 

[0027] Drawing 7 shows an example of the semiconductor device obtained by the manufacture . approach 
concerning this invention. The superficial size of the package-ized semiconductor device 70 is 
completely in agreement with the superficial size of the semiconductor chip 71 which it mounts. Many 
solder balls 72 as an external connection terminal are arranged two-dimensional at the component-side 
side (drawing on) of a semiconductor device 32. Each solder ball 72 is electrically connected with each 
electrode pad 76 of a semiconductor chip 71 by the copper bump 74 and the copper wiring 75. which 
were covered with package resin 73. The part 77 by the side of the component side around a 
semiconductor chip 71 was cut aslant, and was lacked, and some package resin 73 has resulted here. By 
surroundings lump of this resin, the closure dependability of the resin 73 to a semiconductor chip 71 
improves. 

[0028] In the above, the operation gestalt of this invention was explained along with the drawing. It is 
clear that the applicability of this invention is not limited to the matter shown in the above-mentioned 
operation gestalt. In the operation gestalt, it formed by transferring the solder ball which formed the 
external connection terminal at other processes. However, the external connection terminal could be 
formed on the copper bump by forming a direct stud bump on other approaches, for example, a copper 
bump, etc. 
[0029] 

[Effect of the Invention] According to this invention, in the so-called manufacture of the wafer level 
CSP, the dependability of a resin seal can be raised like the above. 

[0030] Moreover, by the approach of carrying out grinding of the resin and exposing a conductive 
stanchion, it is highly precise and the flattening technique of the good component side of the yield is 
realized. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the production process of the semiconductor device concerning 1 
operation gestalt of this invention. 

[Drawing 2] It is drawing showing the production process of the semiconductor device concerning 1 



operation gestalt of this invention. 

[Drawing 3] It is drawing showing the production* process of the semiconductor device concerning:! 
operation gestalt of this invention. 1 : '- * , iv>- - 

[Drawing 4] It is drawing which expanded the important section in the process (I) of drawing 2 . 
[Drawing 5] It is 'drawing which expanded the important section in the process (O) of drawing 3 . 
[Drawing 6] ft is drawing which expanded the important section in the process (Q) of drawing 3 , i.e., the 
completed important section of a semiconductor device. • •. 

[Drawing 7] - It is the outline sectional view of the semiconductor device obtained by the manufacture 
approach concerning this invention. . : 

[Description of Notations] 

10 Wafer . 
10a Electrode pad 

11 Polyimide Resin 

12 Barrier Metal : 

13 Resist . : 

14 Wiring : 

15 Resist" f 

16 Copper Bump 

17 Resist : : 

18 Slot 

19 Package Resin 

20 Solder Ball 

32 Semiconductor Device 
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-v ; ^-CXiSr/h^< btt, ^©XD-fe^.x^:ii-^x- 
[0 0 0 5] r©<t5ft^«:^b. 

T©^^ilJ6fc^TV^. ^^^l/CSPli, <B 

©/>• v >r- *s4t &m-f*m&mm8.mx'h * * ^ u 

3 0 !7i^U"<^C S P©Hldi¥^ftrtStoi->Tli. 
TBgBPltfiJ BIW^dt^^ 1 9 9 8f 8 
4 4- 7 1 Ml &#SB$*-Lfcl,\, 
so * [0 0 0 6] 
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10 0 0 7] &oT, #3l?Ji©gl$ti\ 
S P tP?fitt5^^«lC*5^T' «fli*tihW{fffitt 

[0 0 0 8] #3§9l©SiJ©gl$rt\ ±E¥3M££! 

[0 009] , ' 

. *mtt.©xttsr»riir * xe t » .-tE^^st^© 

=£#© t> ©) 5 XSt?*) o T , t h&m 

©■Pi#/-f V^itO tJ6i\feOi.- -hE*** 
W^ttroSSffi^Bm^-yrT. ±E*i^±«rWffiT«5 
I8i, ±E«ffl*ixfc*1Itt©£tt©48ffi-tfc, ±E 
^»»«*SH ! -«rE«i-5Xei:. ±E¥3f#Hi^©lt# 

[0 0 10] ±E*3i^±Sr«JBt?ai5XSfcJ3V^T,' 

looii] ±iE-?3i^*ffiSr»ii-t?«5xe 

fi. ±E* *^*ffifc»JB*rBM t ftfc{fo|& L, -.Wk** 
±IB8MkS*fc»JIB©*a5S:W9JUT, ±E 

[0 0 12] ±E»tfliwTOJlcJ:oT. 3imt£©£a© 
[0 0 13] ifc, ±EE*arJBfiM-SXS©1IIHw. _t 



4 

[0 0 14] 

. i%w<DMfamm) sat. *%m(o% J fcWM*mm\z. 

Sr#2>X®Sr-&A/-C^5. r^fe©^6«j/iXSSr, 111 
l~H3^»oTJ[H*IftlSi-4..**S, 3*#-?*>;h, 

/>©— »©»ffi ( 2 o<0^»*iSliMt5 t>©) ©3* 
&7ji£*lX^Z&, H!T^i-*X®^t¥oT, !>ji^© 

[0 0 1 5] la^Lfc^Xg^JfeioT. il?£©£^ 

7*n-t^*s|iife$>v, ->y 3>-e7^/>cD*®±jc-7 h y 

[0 0 16] *Hife^fc#5ftD]©xe(A)tc*jv^ . 
so T; iE^^^T'oir^coXST-^^^Srft^LTt 
^x^lOOlit, iS5tttJKy-Y5 K»fl§©JBl'l* J 
-©g 1 1 fi, ?3i^l 0©^«^Et), 
-mi^ ^Kioa ~&w.0o y f 5 K^fll© 

Si 1(4, Jtli!»>v'y3y!7x^©*I$rIt\ 5c 
^$^fc^-«s/^-v:©^{a!l^b^x:^H5«3PA^ 

^- K-^^^iSrffl^T, W&<y Kl 0 a »c^-t-^|l^ 

tfyi' 5 K«flgSriS3tUT. ±E««±©*y^ 5 K#t 

[0 0 1 7] iSfetd, ^^^±l^JSi£^Srff^i-^)fcJ6 
»c x XS(C)~(F)SrHS£-r5. Xg(C)fcio^T, 

XTiWJSrlta^^Tt^, ^nA(Cr), =?47t'(Ni)« 
T'^roilC/^yT^^/H 2^r^fi£i-5c XS(D)T\ 
^©±Jc. i£^$r^fi£-r-5fc«>©u^^. h 1 3$r* h y 
y^77 ^t'SEWK. i 9 JgfiKi- ■&„ ig(E)f^« (Cu) 
Sr, u-v 5 * h 1 3(CJ;»?B{tl^Hfc^<yT>^/i'±lc«) 
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*x^(TiW)£*i« &(Au) s s<?WJ±(Pd) 
^rOttOBMb UJiv *ft&JS 1 5 SrJ£IEIEi6S 1 4 ±fcfc* 

[0018] mW,&3Ctek LTO^Ay/S-M 

1"5 T^cfelc. H2K:*riS(G)~(I)«rltl6i-a. i" 
iS(G)l:io^T, * M yyyyj&ffiizx 
V. i^«t5fcfe©u^H3' Sr. 5fc© 
h 1 S^KiSiaTVjA-fs.- 18(H) fc*s^-C, ' 

V/l 6*r»j«i-5 0 -o©f|J£0ijT\ ftX^l 6 

tt, ^(Cu)Ji)o#Sr«jg-r-5r t'Kiot, Mt5i 

i#-C*'3o IS( I )»C*5^T, 5fe<DXS(D)S= 

0 J XS(G)"Cl6$ixfcUv ! ^ h 1 3&T/1 3 ' 

■f S. Wraitiot, 62J&1 4±{C^/<>'7°1 6 

tr#<5. 

[0 0 19] Bt8l-4Sr«tbfc««£JW©^«Ji: 
Sr»*-t-*fcftfc, iS(J)~(L-)**ieit**tS. II 
(J)^J:t^^^x, E**i 4fcllfcUS:«WU:l;:» i^* M 
TtMLfc*. XfS(K)(r*3^T, ij/fy^tJ;!) 
SBi^i 4.©««&8§K £:^-t©3lB5©&KJi;as|&*£ 
fr3-o «<Ii(L)t*J^T; Uv'^ Kr^iiJ^ 

So 

[00.20] H3'fc*-J-XS(M)fc*JV^X, 
OtrfllPLT. 0fJtaS$W«l 8Sr#5. ±SESIl 8 ' 

ftoiSTMstis^ y vMtwmas i r k *h, 

95*5, i»i 8rtcoStm-effl^KsJ; 5^-rsfcft<DX^ 
©*» ±!Eg#K «©^ 

«T?v C©i£l 8£r, §fl#ftft3 OS," a?$180/iin©V 

fi, *J>fc< t t)±fEi»©.hg8©lias, '#OISfHi$ 
i'l^y-f vv^cffl^bftS^'-f 'sis try— © 

tf x ^i/NCDy-rv/y-^mtcgi, j£i*Ttt»rt©8tjii 

[0 0 2 1] &©Xg(N)T\ ^yy-v7ffl<0*Jgl 9 

btt^„ bixfcWJi l 9w*ffi£DiS$ti, ft 

^y7'l6©il^ < tn±l;fc!3 > !>3i^±C»i£^l 4 
tVn- hit, H -vfTOi£*©te©MJii©«ia:£ 



(4) 

•So — *;C\ (5Jix©*feSrfflu>7^^tt, t£©Xff© 
[0 0 2 2] fcCDT.n(0)X\ mmi 9©SIiI&^ 

Ic, «y<y/i 6 &§&©«&«£ 0fc+#iB5v->fc©U:jg 
$U ^©Xg-chlBBTflgl 9©WB'J£#lc, flu:^ 
io l*6SrW*JUTBW©K$fc-*-5ii:-#»*Us — :> 

• [0023] ±iEWfflK*s^-tfi, sm^jxsna^^ 

1 6 JBffi©*ffift±# 0 jPttfcM-? Jb 5, ' ffiffi© S A 

©«IM, «^*#Sr»Si-5. HJfefeiJ-Cfi. J)ffif-@SE 

20 T, SAW^-^.:y<yoftv»A#jicJ||iias^6*i,fc. 
" [00 2 4] 
[*1] 





30O0 




3 do 


iSD^ (/im/sec) 


OV 2 


?WJ^cfi (1/nin) ' 


5. 0 


IBtttt (A) 


8. 9 



- [0 0 2 5] ^(C, XS(P)tdio^T, S!J©XST?^ 
30 *Jxfc^»««'«S^t Ut©*ffl#-;V2 0 5r, 

So S^t', xm(Q)»c*5l,NT, 

ffl^T, £:r/Nl OSry-Tv-y-i/L, iiEX^S-ST/-? 
it. %<DTM-?J&tfLZtiti.ffi.l 8©t*T-?Tt?tl-5© 

40 5„ 

[0 0 2 6] l!4~|ll6{Cf± x ±1E»J6lS*»ba** 
Mz. 3 o©XS»r*5lt -5 ^ * A©— SBrisjifc;*: LTS $H 
T^S. H14J4, i2©18( I )Jc*J»^-5MSCtrlt^:L. 
fcit'fcS. -©URcte. ^s/Niolt; *-H5K 
1 1, i2*ll 4Xr;i^y7 , i 6*5^^^^ 

nfc^^^^x^s, ~ ©nn?(±> ikc) 

^^(DT'iSigl 4©±T^^$tvfc^H^^ B s$ 
HT^So IH5»i, lEl3©Xg(0)IC*5(^2.^gBarll£^: 

so ^<>-5r-v ! ©^ffiifi5^$ixyc«T-^$^T^ 
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^Tl-fefix -^-tu^r'tv, 625 (in, 5M.m > 5}zni , 100 urn 
10 0 2 7] 0.7 tf\ !*|8WJC«5*l5t*ftfcJ:D#b 

v ■? 7 1 (oMmfty-.j x £ 3*^t-» l t v % 5 „ ; ■ ' - 

..ffiT-t LT©#MR©¥ffl#—/l'7 i -2 ^ 2 ifcS#)KS^lJ£- . . . 
nrv^5c- #f-ffl<-^7;'2'«i'; v^^-^tttfli 7 3K 
.«fcHfc»/^^7-4.&-tj««Bfij^7- 5 te*tbT>iMWic--' 
f-y-Jl 1 <75=frm@^S', K7 6 tfc&WlcSBRSivCV* 

7*7:1 l;#f5»Jll7':3 ©#iHf ffife#fr±-r5. 

[0 0 2 8 ] . J£A±> *»WO*lfi?Kl»%iaffifc»o'TjB . 
[0 0 2 9] 30 



[i4] 
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[00 3 0] atflMSrWHU LT>»mi4©5:t££S?a 

[mfficofls**^] 

[[Hi] *HW©-H«i^fll^2)**^fi©i8itX 
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[0 3] **^©-|l«»*JC«5¥*fl£»«©»ax 

[m '4 1 m 2 ©x@( 1 > Lfcrn-cfc 

' '- • "■ • '/ 

im 5 ] 121 3 ©Ig(O) Kfctt SggBSrfe*: L-fcBTfc 

imp] m 3 cox@(q) K&vzmM. -rttp'bfsi&z 

• 1 0 

I 0 a f K 
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